This paper describes an adaptive service differentiation scheme for medical grade QoS over WLAN healthcare networks. EDCA of the IEEE 802.11e Standard is used to enhance the QoS, where traffic priorities are categorized according to their criticality. The proposed scheme involves varying the contention window (CW) adaptively to reflect network conditions. This scheme is evaluated using NS2 simulation, and its performance is compared with those obtained for conventional EDCA of IEEE 802.11e with and without medical grade prioritization for traffic. Comparison results show significant advantage for the new proposed scheme.
Introduction
Using wires to communicate various medical information such as medical images, monitoring and diagnostic signals, and any other information belonging to patients, require connecting a huge number of devices and equipments in a hospital, which leads to a massive wired communication environment that is costly and provides a potential hazard for patient safety [1] . In [2, 3] , several factors are given that should be taken into account to provide QoS thresholds for medical data transportation over a healthcare network including: availability, confidentiality and privacy, latency of data delivery and support for mobility. The importance of such factors is obvious, and in no way can it be underestimated when considering the shift to using wireless networks to provide these services.
Nowadays, wireless networks and information technologies are playing a revolutionary role in telemedicine and e-health services. Medical applications driving the installation of wireless Local Area Networks (LANs) include: electronic medical records (EMR) updates, wireless infusion pumps, barcode medication administration (BCMA), voice over Internet Protocol (VoIP) and support for patient and visitor convenience through Wi-Fi hotspots. As these applications are served from different locations including hospitals, ambulances, ships, and planes, the wireless communication network availability and its quality for medical information (MI) exchange are very important. So healthcare networks should be able to convey data at any time while ensuring the QoS for the specific healthcare applications .
In this paper, we propose an adaptive scheme for the contention window (CW) of the access method of the IEEE 802.11e standard, denoted as Enhanced Distributed Channel Access (EDCA), where medical grade priorities of traffic are defined according to service criticality. Adaptation is carried out by adjusting the size of (CW) for each traffic access category. This scheme is evaluated by simulation and the results are compared with those obtained for conventional IEEE 802.11e with and without medical grade prioritization.. Comparison results show a pronounced advantage for the proposed adaptive EDCA scheme.
The rest of this paper is organized as follows. Section 2 reviews the main characteristics of the conventional IEEE 802.11e Medium Access Control (MAC) protocol. In section 3, we discuss the concept of medical-grade QoS for healthcare communication systems. In this regard, access categories are defined according to medical criticality rather than by delay constraint, as the case for conventional IEEE 802.11e standard. Our proposed adaptation scheme on (CW) is introduced in section 4, while in section 5, simulation of the scheme is outlined. Performance evaluations and results are presented in section 6.
IEEE 802.11e MAC protocol
The legacy version of IEEE 802.11 protocol, released in 1997, operate on 2.4-2.5 GHz [4] . It uses Carrier Sense Multiple Access with Collision Avoidance, (CSMA/CA) as a medium access method. In this method, no differentiations or priorities are assigned to different types of traffic. , which are announced periodically by the Quality Access Point (QAP) via beacon frames. The shorter the values of these parameters are, the shorter the channel access delay for the corresponding AC becomes. The (AIFS)s introduced by the EDCA are illustrated in Fig. 1 . This shows that the time to access the channel, when it is sensed as idle, is configured to indicate relative priorities [5, 6] . In EDCA, enhanced back off selects its counter as a random number drawn from the interval [1, CW+1] instead of [0,CW] as the case in Legacy. As smaller CWmin[AC] implies higher priority for channel access, it also implies an increased probability for collision.
After a successful transmission, the EDCA backoff algorithm always reduces the CW size to CWmin, which, under conditions of high channel load, this leads to more collisions, and consequently a reduced QoS performance. While the priority differentiation mechanism used by EDCA improves the QoS for multimedia real time traffic, still there is room for improvement if the EDCA parameters can be adapted to the network conditions.
Medical -Grade QoS Priorities
Depending on the characteristics of physiological signals that are taken from the patient's body through special sensors, they can be divided into certain types of traffic with priorities that indicate the level of their criticality [1] . Such traffic types include: physiological signals like ECG, EMG, EEG, EOG, body temperature, blood pressure, medical image and so on; and alarm signals like heart failure, infusion pump alert and any other telemetry type signal.
In [1] , a proposed access categorization for medical grade wireless LAN according to medical criticality is shown in Table 2 . As given in this table, alert and alarm signals are given highest priority; meanwhile, real time streaming data (telemetry) like monitoring patients with heart disease are given high priority. Medical applications such as medical images, which could be compressed and stored in local memory with no time sensitivity, are given medium priority. Other non medical application (such as email), are given lowest priority.
QoS requirements for medical grade traffic in healthcare facilities are discussed in [1, 7, 8] . Representative values for such QoS requirements are given in Table 3 [1] . For example, maximum allowed values of latencies for life critical information such as alarms and alerts should not exceed more than 200 ms, while for non medical applications, such as guest access through medical network, a 1000 ms latency is no problem . It follows that WLAN healthcare networks should convey medical information with priorities and requirements consistent with the information contained in Tabels 2 and 3; thereby supporting human life conditions, where an unsuccessful transmission, or a significant delay would be a matter of life and death. 
4.. Proposed Adaptation Scheme
A large body of recent research exists on support of service differentiation which provides different MAC parameters that enabled high priority traffic to access the medium over other traffic of lesser priority. The use of a smaller contention window (CW) causing a smaller back off interval is one example [9, 10 ] .
Studies in [11] , proposed to decrease the contention window slowly after each successful transmission using a fixed multiplicative factor, instead of setting it to CWmin Others worked on adjusting the size of the contention window adaptively after each transmission, resulting in a scheme denoted by Adaptive Enhanced Distributed Coordination Function (AEDCF), [12] .
This scheme showed good performance results, especially in conditions of high traffic load. A new approach which used dynamic adaptation of the Minimum Contention Window (CWmin) was introduced in [6] . In this scheme, priority between the access Table 2 : Access categorization according to medical criticality categories is realized by adaptively varying the size of (CWmin) after each successful transmission .
We are interested her to reset the CW to a new proposed contention window such that each virtual window is related to its category or priority type. In EDCA of the IEEE 802.11e standard, CW is doubled after each unsuccessful transmission until it reaches the maximum value CWmax. But after successful transmission, CW is reset to CWmin. This implies that, for long channel reservation with heavy traffic load, the average throughput will be decreased as a result of packet latency and loss. For medical applications, Qos requirements in healthcare networks, require special medical-grade QoS through wireless transmission. EDCA provide different Access Categories, AC[i] with different priorities. Each AC[i] has its own parameters (CWmin, CWmax, and AIFS) ,which are preset through the MAC layer. So we seek to propose an adaptive algorithm to avoid hard and abrupt decreasing of CW from its previous value to the value CWmin.
Considering the medical traffic queue with the highest priority AC[0], we note from Non-medical applications (guest access, email) lowest collisions would have low probability. And with a small packet size, retransmission could take place with no restrictions or fragmentations. Hence, in our proposed scheme, we can make CW remain constant and not be doubled after each unsuccessful transmission. Now we consider the remaining traffic queues with priorities AC [1] covering real time streaming (Telemetry) traffic, as having high priority, and AC [2] covering other medical applications as having medium priority. To fulfill the priority differentiation with pronounced enhancement, our scheme proposes the following adaptive new contention window:
(a)-After every successful transmission:
for AC [1] and AC [2] and
where is the average collision rate at step j, where j refers to the j th update period T update , which is computed dynamically in each period, in units of time slots, as an exponentially weighted moving average as follows: (3) denote the instantaneous collision rate for station P, and is defined : (4) Num (data_sent j [P] ) is the total number of packets that have been sent in the same period j by flows belonging to station P. Therefore, Eq.(4) defines the packet loss rate of station P in the same period j by flows belonging to station P during j th time period. denotes the previous (j-1) time period averaging collision rate. Constant denotes a weighting or smoothing factor that is determined by simulations. Period (T update ) and the smoothing factor ( ) are usually selected experimentally. When the average simulation results for goodput and for mean audio delay were displayed as a function of varying , it was found that = 0.5 achieves the best trade off between mean audio delay and goodput. This is for a simulation run of 25 times and for a load of 20 stations and with T update = 6000 time slots.
(b)-After every unsuccessful transmission
To guarantee CWnew not to exceed the upper limit CWmax, the following condition is applied: (6) In Eq. (1) 
Network Simulation

NS2 Simulation
The performance of the proposed adaptation scheme for CW was evaluated by simulation using NS-2 simulator [13, 14] . After each updated period of time (T update ), the contention window is updated according to the equations of parts (a) and (b) of the proposed scheme for AC[0], AC [1] , and AC [2] in sequence. The network used covers a region of 500m x 500m with one access point (AP) in the middle, and user stations are spread randomly over the area. The number of stations is increased from two to 45 stations, where each station represents a Quality station (QSTA) equipped with our adaptive CWnew[i] scheme. Table 4 shows the selected MAC parameters for the three access categories ACs, according to their medical criticality. This indicates highest priority for alarms, high priority for real time streaming (telemetry), and medium priority for other medical applications. In this simulation, all nodes send their packets to the access point (AP). All nodes up to number 15 are specified to generate all three types of traffic with corresponding priorities: AC[0], AC [1] and AC [2] . All remaining stations generate only two types of traffic corresponding to priorities: AC [2] and AC [1] . In each node, alarm is implemented as an exponential traffic source and the real time applications are implemented as constant bit rate (CBR) traffic. The other medical applications are implemented using Pareto traffic [ 1 ] . 
Performance parameters
To evaluate the performance of the proposed adaptation scheme and be able to compare it with other schemes, the following parameters are defined as measures of performance, [11, 12, 15] : -Mean delay : it is the average delay of all the flows that have the same priority in the different stations.
-Collision rate : this rate is calculated as the average number of collisions that occur per second.
-Gain of goodput : it is the average goodput of a particular scheme compared with the basic EDCA. where AG denotes average goodput.
Simulation Results
To evaluate the performance of our proposed adaptive service differentiation scheme, we studied the effect of varying traffic loads on certain performance parameters and compared that with the same parameters as obtained using conventional EDCA with and without medical grade priorities. In our simulation, the traffic load is represented by the number of stations and at which different types of traffic are generated. The average delay and the average goodput for AC[0] and AC [1] are selected as typical parameters, which are calculated as defined in Sec 5.2 above. Figure 2 , shows the simulation results of the average delay for high priority traffic AC(1) (real time streaming telemetry (diagnostic)). Again, we can see from this figure that our adaptive scheme, offers good improvement for AC [1] over EDCA with medical grade and without medical grade ACs. While this improvement is not noticeable when the number of. stations is below 5, it reaches 29% at a load of 10 stations, and 32% at full load of 45 stations. This significant improvement could be explained by noting that the adaptive adjustment for (CW) reduces the aggregate collisions through the channel. 
Conclusions
In this paper we proposed a new adaptation scheme for QoS enhancement for IEEE 802.11e WLAN with medical ACs. We extended the basic EDCA with medical ACs, by varying the contention window (CW) adaptively after each successful transmission. The performance of our proposed scheme was tested and validated using NS2 simulation software. The results obtained, were compared with the basic EDCA with and without medical ACs.
Simulation results show that the proposed scheme achieves better performance with respect to collision rate, to average delay and to gain of goodput for all prioritized traffic categories.
Future work could be extended to investigate the medical WLAN under infrastructure networks where channel access control is achieved by using hybrid coordination function HCF and hybrid coordination channel access HCCA .
